The study examines the relationship between electricity consumption and economic development using an extended neoclassical model for the period 1970-2013. The study incorporates the uniqueness of the Nigerian economy by controlling for the role of institutions, technology, emissions, and economic structure in the electricity consumption-development argument. The study adopted a cointegration analysis based on the Johansen and Juselius (1981) maximum Likelihood approach and a vector error correction model. In order to ensure robustness, the study adopted the wald block endogeneity causality test to ascertain the direction of causal relationship between electricity consumption and economic development. The study found an existence of long-run cointegration equation with electricity consumption inversely related to economic development. Likewise, the vector error correction model failed to reject the null hypothesis of non-convergence in the long-run. Finally, the study found evidence supporting unidirectional causal relationship running from economic development to electricity consumption.
INTRODUCTION
Energy is increasingly becoming a major force in the pursuit of sustainable development. The attribute of neutrality ascribed to energy by neoclassical model is contestable as consistent growing sources of modern energy could directly aid livelihoods, and indirectly via promotion of economic growth. As a major source of energy, accessibility of electricity aids the process of meeting residential and domestic needs, positively contributes to capital and labour productivity, promotes export potentials of countries (Narayan and Smyth, 2009) , creates employment and reduces the poverty level (Poveda and Martínez, 2011) ; this ultimately improves socio-economic development. According to Saleheen et al., (2012) , countries' level of development appears to be associated with intensity of electricity wage as only 24.84% of the population in least developed countries had access to electricity in the year 2009. In the same year, electricity consumption in European union was 11 fold of the consumption in Sub-Saharan Africa, inspite of Sub-Saharan having a larger population in 2009 (World Bank, 2011) .
Unavailability of electricity has been a critical problem in Nigeria, as its widely acknowledged that most Sub-Saharan Africa states is in the midst of power crisis (Eberhard et al., 2011; UN 2007) . Outages are not just frequent and long but also erratic. According to the World Bank enterprise surveys, pertaining to the years 2006-2010, the average length of an outage is 6.6 hours. Unsurprisely, more than 50% of Africa businesses surveyed cite inadequate power supply as a major infrastructural challenge that dampens development (Jones, 2011) . The situation is more challenging in Nigeria, as many businesses have relocated to neighboring countries due to poor electricity infrastructure and rising cost of production, also, power shortages is adjudged a major deterrent to SMEs development and culminating into rising unemployment and civil disturbances.
Recognizing the importance of electricity in economic development agenda, there has been upsurge of empirical literatures to verify the true connection between electricity consumption and economic activity in different countries and regions. Including the pioneering study of Kraft and Kraft (1978) , causality tests are recurrently employed in existing energy papers to determine the direction of causal relationship between electricity consumption and economic growth. The causality running from electricity consumption towards economic growth infers that electricity influences economic growth and thus expansion of electricity services is compatible with improvement of economic performance of the country. The causality running from economic growth to electricity consumption implies that economic growth is not dependent on electricity usage and therefore conservation policies should be pursued. The feedback hypothesis between electricity consumption and economic growth means both variables are interrelated, supporting expansionary policies. Neutral hypothesis between economic growth and electricity consumption suggests the limited role of electricity consumption for economic growth.
Empirical studies on causal relationship between electricity consumption and economic growth are wide-ranging providing ambiguous results, Aqeel and Butt, (2007) ; Yoo, (2005) ; Yoo, (2006); Chen et al. (2007) ; Ho and Siu, (2007) ; Hu and Lin, (2008); Jamil and Ahmad, (2010) ; Narayan and Smyth, (2005) ; Shahbaz et al. (2011); Shahbaz and Feridun, (2012) ; Shahbaz et al. (2014) . Further, few studies have considered electricity consumption and economic growth relationship in selected African economies (Jumbe, (2004); Wolde-Rufael, (2006) ; Akinlo, (2009) ; Squalli, (2007) ; Odhiambo, (2009 Odhiambo, ( , 2009 Odhiambo, ( , 2010 Solarin, (2011) and, Solarin and Bello, (2011) ). However, this study differs from earlier attempt as it incorporate the role of institutions, environmental degradation, technology and economic structure in evaluating the effect of electricity consumption on economic development. Also, majority of these studies had evaluated the effect of electricity consumption on economic growth but this study adopts economic development; and we are not aware of any study investigating causal relationship between electricity consumption and economic development that controls for the influence institutional quality, emissions, state of technology and economy structure.
The remainder of the paper is patterned as follows. Section 2 stylized facts on electricity consumption and economic development, Section 3 deals with issues relating to literature review surrounding electricity consumption and economic development Section 4 provides the research methodology as seem suitable for the study and the Nigeria economy and Section 5 provides empirical results and the last section concludes the paper.
DATA AND STYLIZED FACTS
The data used in the empirical analysis of the study were sourced from the World Development Indicators of World Bank (2013) , the World Governance Indicators of the World Bank (2013), United Nations Conference on Trade and Development (UNCTAD) Handbook of Statistics and the Data market of Iceland available at http://datamarket.com/.
Evidences have shown that Nigeria is primarily an energy store house accommodating resources such as coal and lignite, natural gas, crude oil, solar, hydro, nuclear, woodfuel, geothermal, tide, biogas and biomail. In spite of the available vast resources, only four sources (coal, crude oil, natural gas and hydro) are currently utilized in processed forms while two others (woodfuel and solar) are used in their crude forms for heating, cooking and lighting (Table 1 ).
In spite of the growing energy need for emerging economies to match the constantly increasing production in these economies; diversifying the sources of energy production in order to have a robust energy mix has been at the peak of development agenda. This is obvious in Table 1 where emerging markets such as India, Brazil, China and South Africa has consistently increased their energy sources, diversifying into cleaner and efficient energy sources. Amidst the economies considered in Table 1 , only Nigeria has consistently remained on the same energy sources for the period of three decades considered.
Also, Figure 1 shows that in line with the trend witnessed in most developing countries, Nigeria energy consumption has increasingly experienced an upward trend with over 23% increase in energy use between 2000 and 2008.
Since 1970, Nigeria's electricity consumption has consistently maintained an upward trend. Likewise the same upward trend is witnessed in the emerging economies. From Figure 2 , Nigeria exhibits the slowest rate of growth in electricity consumed, while China took the lead. This reveals that electricity availability can translate into economic leap and serves as a wake call for the Nigeria economy. In the same manner the energy use per capita has steadily been rising until 2005 where a decline was witnessed and afterwards has been steadily increasing. The continuous increase in electricity consumption is quite inconsistent with gross domestic product (GDP) per Capita because electricity consumption has been increasing at a faster rate; in fact, it was in 2002 that GDP per capita begins to show an upward trend ( Figure 2 ).
The issue of power losses has been a major challenge for the electricity generating agencies in Nigeria (Figure 3) , majority of this problem is due to vandalism, inadequate and worn-out electricity transmission equipments.
Over 45% of the electricity generated are unavoidably lost in transmission process ( Table 2) , several power plants have been erected in the country from the inception of democratic governance in 1999 but the Nigeria economy is yet to appropriate the benefits of the huge investment, as electric power still remains an invisible ghost haunting the nation's economy and has successfully wiped off cottage industries due to high cost of generating power independently. Table 2 provides some insights into the state of electricity generation capacity and electricity access in some emerging economies in Asia and Africa. A careful examination of these statistics reveal a critical state of electricity and energy access in Nigeria; for instance, the electricity installed capacity in South Africa and Egypt are almost five times and three times of Nigeria's respectively. Among the countries considered, Nigeria has the lowest per capita installed and generating capacity ( Table 3 and Figure 4 ) and paradoxically with the highest power distribution losses reaching 40% in 2000.
BRIEF REVIEW OF LITERATURE
Theoretical and empirical studies on electricity consumption and economic growth linkage are widespread partly due to the significant role of energy in sustainable economic development. However, researchers are unable to arrive at a consensus on the flow of causality between energy consumption and economic growth. Conflicting evidences from developed and developing economies abound in the literature, Stern, (2000) Electricity as a secondary energy resource obtained from the conversion of primary energy such as fossil fuels (Yilmaz and Hasan, 2014) , is a key component of consumption structure of households and industries. Its accessibility enhances productive domestic activities and industrialization. This further explains the focus on arguments addressing electricity consumption is the one that enhances growth or it is vice-versa.
The work of Kraft and Kraft (1987) is identified as the pioneer work on examining the causal relationship between energy consumption and economic growth (Masuduzzaman, 2012) . Analysis on the dynamic relationship that exists between electricity consumption and economic growth (income) including the direction of causality has been widely researched. Generally, evidence from empirical literature suggests four hypotheses on this relationship and results of different studies fall within these hypotheses. They include the neutrality hypothesis, feedback (bi-directional) hypothesis, conservation hypothesis and the growth hypothesis.
The neutrality hypothesis and the proponents of this hypothesis state the absence of any form of relationship between the two variables, thus policies targeted towards energy conservation will fail to retard economic growth (Bildirici, 2013) . Studies that found a bi-directional causality between economic growth and electricity consumption fall under the feedback hypothesis category. In this case, any change to one of the variables will bring about a corresponding change in the other variable and vice-versa. The conversation hypothesis posits a uni-directional causality running from economic growth to energy (electricity consumption) and in this case, such economy will be less dependent on energy resources. Therefore, energy conservation policies such as the phasing out (or reform) of fuel subsidies may not negatively impact growth (Bildirici, 2013 represents the uni-directional arguments where causality runs from energy (electricity) consumption to economic growth and as such, any form of decrease in energy consumption can result to a fall in economic growth.
A number of researchers have presented varying results for different countries using different method of analyses. Some of these works are single country analysis; others panel studies and a few others, regional analysis. Yilmaz and Hasan (2014) investigated this relationship for the 21 emerging economies and found a positive relationship with bi-directional (feedback) causality. On the other hand, Bildirici (2013) found co-integrating relationship between electricity consumption and economic growth in 10 of the 11 countries analyzed with direction of causality differing among the countries. In the study of Masuduzzaman (2012) , three variables (electricity consumption, GDP and investment) were modeled for Bangladesh and the results confirmed the existence of a unidirectional causality running from electricity consumption to economic growth. Similarly, Atif and Siddiqi (2010) provided new evidence on the relationship between electricity consumption and economic growth for Pakistan. They found the existence of a unidirectional granger causality from electricity consumption to economic growth using the standard granger causality test and the modified WALD test.
However, literature on African economies studying this relationship is relatively few when compared with Asia and European countries (Bildirici, 2013) . In the case of Nigeria, Akinwale et al. (2013) employed the (vector autoregressive) VAR and vector error correction mechanism (VECM) technique and their results indicated a unidirectional relationship flowing from real GDP to electricity consumption with no feedback effect. The study attributed this to low level of electricity generation which has minimal impact on economic growth. For Mauritius, Harris and Prakash (2012) investigated the economic growth and electricity nexus using co-integration with the result showing a short-term unidirectional causality from electricity consumption to economic growth. An empirical study by Odularu and Okonkwo (2009) analyze the contribution of energy consumption to economic performance for the Nigerian economy using crude oil, electricity and coal as the energy sources. Applying the cointegration technique of estimation, their results indicated that for the current period, there was a positive relationship between energy consumption and economic growth while for the lagged values, a negative relationship was observed with the exception of coal. As stated by Odularu and Okonkwo (2009) , greater energy consumption implies greater economic activity in the country and then resulting in a greater economy.
In the same vein, Adeniran (u.d) presented empirical evidence on whether energy consumption granger causes economic growth. The results showed a uni-directional causality runs from GDP to electricity consumption; GDP granger causes gas consumption and no causality between oil consumption and GDP. The study thus concluded that energy consumption granger causes economic growth in the case of Nigeria, therefore suggesting that policies targeted at tackling greenhouse gas emissions through the reduction of energy consumption may be harmful to the growth of the economy.
Solarin (2011) also carried out a trivariate investigation of the relationship between electricity consumption and economic growth in Botswana with capital formation. The study thus found a unidirectional causality running from capital formation to real GDP and a unidirectional causality from electricity consumption to real GDP. Onakoya et al. (2013) evaluated the causal relationship between energy consumption and Nigeria's economic growth and showed that petroleum, electricity and aggregate energy consumption have significant and positive relationship with economic growth in Nigeria. An important aspect of this paper is its focus on causality between GDP and total energy consumption in Nigeria and that of each of the basic sub-components of energy consumption with a view to finding out if different sources of energy have varying impact on economic growth. Likewise, Olusanya (2012) , petroleum and electricity showed a positive relationship to economic growth in Nigeria, while there was a negative relationship for coal and gas.
Overall, existing energy literature shows that there is none of the studies investigating the relationship between electricity consumption and economic development controlling for the role of institutions, emissions, technology and economic structure in Nigeria. And most importantly, earlier studies focus economic growth, examining the effect of electricity consumption on the general living standard is quite pertinent since energy has been adjudged a principal driver of SMEs. And SMEs is widely acknowledged as an engine of transformation for developing/emerging economies. The direction of causality between both variables is very important and helpful for policy makers in articulating a comprehensive energy policy to stimulate economic development in long span of time. This study is deemed fit at this time and relevant to fill this gap in energy literature regarding the Nigeria economy.
METHODOLOGY
In attempt to ascertain the effect of electricity consumption on economic development in Nigeria, the study adopted an extended neoclassical model by incorporating several control variables adjudged relevant in capturing the unique features of the Nigerian economy. The general form of neoclassical production function following the study of Saleheen et al., (2012) are as follow:
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The expression above can be written in an explicit form as stated below: It is expected that all the parameters in the model exhibit an increasing returns; that is, α 1 , α 2 , α 3, α 4 , α 5 , α 6 , α 7 > 0.
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Since there is possibility of feedback relationship between electricity consumption and economic development, in the sense that electricity availability and consumption can be a major drive of economic development; and also, commitment and realization of development path can enhance electricity consumption. It therefore becomes pertinent to ascertain the directional of causal relationship between economic development and electricity consumption.
DISCUSSION OF RESULT
In the analysis of the components of energy consumption and other variables in the model; standard time series unit root tests can be applied. To ensure the robustness, the study use two different unit root tests namely; the augmented Dickey and Fuller (1979) (ADF) test and the Phillips and Perron (1988) (PP) test. The unit root test is necessary to ascertain the stationarity property of the series employed in the model because empirical studies have shown that most economic variables are not stationary at level.
The ADF and PP tests the null hypothesis indicating an existence of unit root (non-stationarity), an order of integration of I(0). Where the null hypothesis is rejected, we assume the variable is stationary with an order of integration of I(1). From Table 4 , it is not surprising that the all variables are not stationary at level but became stationary at first difference, I(1), using both ADF and PP test.
The Table 5 presents the correlation matrix for the variables in the model; an incidence of strong correlation among the independent variables may violate the working assumptions of our estimation technique and hereby produce an unrealistic results. Here, we test for the likely occurrence of multi-collinearity among the independent variables using the pairwise correlation matrix. The Table 5 indicates a positive correlation between electricity consumption (lecn) and other variables in the model except government effectiveness (ge) and economic structure (lstr). The Table 5 likewise shows a positive strong correlation between lecn and indicators of technology (ltec), environment degradation (ledg) and electricity losses (legl) and labor force (llab). An overall consideration of the result of the correlation coefficients indicates that multicollinearity is not a considered problem in the model to be estimated. Though, the result as shown in the Table 5 is not conclusive but the level or magnitude of correlation that is problematic still stand unresolved in the literature; but the statistical package used in obtaining empirical estimates (Stata 11.0) possesses an inbuilt program that automatically drop a problematic variable.
In order to ascertain the extent of relationship between electricity consumption and economic development, the study adopts the Johansen and Juselius maximum likelihood cointegration technique and the vector error correction technique. The former is necessary to ascertain the combined stationary of our variables while the latter enables to obtain the short-run error correction model. The study hereby proceeds to test for the existence of longrun relationship among the variables in the model; from Table 5 , the trace statistics indicate evidence supporting two cointegrating equations at 1% significance level. This is obtained at the point where the critical value is greater than trace statistics. Table 6 here reveals a long-run relationship between electricity consumption and other variables in the model. This evidence supports the existence of a converging relationship in the long-run and indicates the existence of causality in at least one direction in our model. That is, given that all errors are corrected on the long-run equilibrium path and disturbances are short-lived; our model exhibits a combined series stationarity and suitable for future forecasting of relationship among the observed variables. Table 7 presents the long-run estimates for GDP per capita and electricity consumption in Nigeria. Estimates from the Table 7 , shows an inverse significant relationship between electricity consumption and economic development. This is not unconnected with the high cost of generating electricity in Nigeria, which had led to the relocation of major industries to neighboring countries and as well-grounded the operation of SMEs and displacement of the middle class. The result obtained from the estimation differs from that of Wolde-Rufael (2004) , Akinlo (2009) and Kouakou (2011) which found a positive cointegrated and significant impact of electricity consumption on the level of economic growth.
Also, an indicator of institutional quality (government effectiveness) exerts a negative and significant variation on GDP per capita; this is due to the weak governance quality and inefficient bureaucratic processes that has left virtually stranded all government agencies and parastatals. It is worthy of note, that the indicator capturing the structure of the Nigeria economy exerts a very strong significance and large negative influence on economic development; this draws from the fact that the Nigeria economy is highly dependent on few primary export commodities with zero technical spill-over to the economy. The empirical investigation likewise found indicators of technology and environmental degradation to influence economic development positively. Table 8 indicates that estimated lagged error correction term of economic development from the VECM estimates is positive and insignificant; its implies that in case of an external shock in the model, the per capita GDP model would diverge in the long-run. The result suggests that there is short run causality from Per Capita GDP to electricity consumption, capital, labor, government effectiveness, economy structure, state of technology and environmental degradation. But there is no short run causality from electricity consumption to per capita GDP. Also, short run causality run from capital, labor and environmental degradation (CO2 emissions) to Per Capita GDP.
Causality Test
The causality test using the wald approach shows an existence of a unidirectional causal relationship between electricity consumption Compiled by author using stata 11.0 and an indicator of economic development with χ 2 of 5.4626 and P of 0.005, due to the significance of the probability; we hereby conclude that economic development (GDP per capita) does granger cause electricity consumption for the observed period. This implies that as the economy drives its development path, electricity consumption becomes more enhanced. The existence of a unidirectional causal relationship lpci→lecn, implies that electricity consumption does not Granger cause economic development. The result obtained was consistent with Ciarreta and Zaraga (2007) using a standard Granger causality test in a VAR found a unidirectional linear causality running from real GDP to electricity, and Ahmed, Hayat, Hamed and Inqman (2012) who investigated the relationship between energy consumption and economic growth in Pakistan for the period of 1973-2006 and found a positive relationship with a unidirectional causality from GDP to energy consumption. On the other hand, the obtained result contradicts the empirical works of Odhiambo (2010 ), Ouedraogo (2012 and Akinlo (2009) where a bi-directional relationship between electricity consumption and economic growth was obtained. The contradiction could have accentuated from the fact that (Akinlo, for instance whose study was carried in Nigeria) their study used economic growth.
The wald granger causality test was as well used to obtain the likely causal determinants of electricity consumption. As seen in Table 9 , labor force, Capital stock, government effectiveness, and technology all granger cause electricity consumption. This shows clearly that investment in technologies and strengthening of institutions is very pertinent for enhancing the availability of energy in Nigeria. This above inferences confirms the outcry of civil groups in Nigeria, lamenting on dilapidated state of national power generating, distribution facilities and general performance of the power holding agencies in Nigeria. In the same manner, regulatory agencies need to take seriously the effect of environmental degradation on electricity availability. As seen in the Table 9 below, there exists a bi-directional relationship between the indicator of environmental degradation (CO 2 emissions) and electricity consumption. This poses a significant implication for hydro-power generation sources which is the second largest source of electricity generation in Nigeria.
RECOMMENDATION AND CONCLUSION
The study attempts to investigate the relationship between electricity consumption and economic development using an extended neoclassical model for the period 1970-2011. The study incorporates the uniqueness of the Nigeria economy by controlling for the role of institutions, technology, emissions, and economic structure in the electricity consumption-development argument. The study adopted a cointegration analysis based on the Johansen and Juselius (1988) Maximum Likelihood approach and a vector error correction model. In order to ensure robustness, the study adopted the Wald Block Endogeneity causality test to ascertain the direction of causal relationship between electricity consumption and economic development.
The empirical analysis of the study found an existence of a longrun cointegration relationship among our variables. The study also found that electricity consumption impacts a significant inverse relation on economic development. This might not be unconnected with highly erratic nature of power in Nigeria which led to the displacement of industries to neighboring countries due to high cost of generating electricity privately. The vector error correction model failed to reject the null hypothesis of non-convergence of our model in the long-run with the error correction mechanism (ECM statistics) being positive and insignificant. The study hereby concludes that long-run convergence is not attainable. But the causality test indicates a unidirectional relationship running from economic development to electricity consumption. Prominent among recommendations in the study was the need to re-strategize investment into the power sector and strengthen institutions/ agencies saddled with the responsible of electricity production and distribution.
